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ABSTRACT 
The ink of the Indian squid Loligo duvauceli (d'Orbigny) was tested for 
antibacterial activity. The antibacterial effect of bacteria present in the ink 
gland was also tested. Only one type of bacteria was found to be present in 
the ink gland of squid and was identified as Photobacterium leiognathi. Among 
the various forms of ink extracts, the precipitated and freeze-dried ink showed 
more pronounced antibacterial effect against Gram-negative bacteria, 
Salmonella, spp. Escherichia coli, Vibrio cholerae, V. parahaemolyticus and 
Pseudomonas spp., and a less pronounced effect against Gram-positive 
bacteria, Staphylococcus spp. and Micrococcus spp. P. leiognathi did not inhibit 
any of the above bacteria. The antibacterial activity was associated with the 
compounds of the ink. 
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INTRODUCTION 
Squids form the major constituent of 
the class Cephalopoda. In India, squids 
form an important seafood resource and 
one ofthe major items of export. In Japan, 
the ink of the squid has traditional 
application in food products (Nishimoto et 
al., 1980). The cuttlefish ink is believed to 
exhibit antiseptic effect on 'Ika-shiokara', a 
cured cuttlefish meat produced in Japan 
(Takai et al., 1993).lt has also been shown 
that the fishes which were treated with 
cuttlefish ink have extended shelf-life than 
the untreated ones. 
The presence of luminous bacteria, 
Vibrio fischeri, in light organ situated 
adjacent to the ink sac of squid was reported 
by Mcfall-Ngai and Montgomery (1990). 
These bacteria are symbiotic and the 
presence of any other bacteria in the ink or 
luminous organ has not been reported. 
Keeping this in view, it was intended to 
test ifthe bacteria associated with the ink 
sac have any antibacterial effect, or it is 
only the ink that contributes to the 
inhibitory activity. 
MATERIAL AND :METHODS 
Loligo duvau'celi were collected in fresh 
condition just after their landing by small 
trawlers from Versova. The ink sacs of 
squids were cut aseptically and transferred 
to a sterilized test tube. They were then 
ruptured using a sterilized glass rod, 
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homogenized and used for bacterial 
enumeration by spread-plating. From each 
sample, about 10 representative colonies 
were purified on luminescent agar and 
maintained as stock culture on nutrient 
agar slants. The identification was carried 
out according to Krieg (1984). 
The extraction and isolation of the 
antiseptic substance in squid ink was done 
according to Mochizuki (1979). Ten freshly-
dissected ink glands along with light organs 
were macerated in 10 ml of distilled water 
in a sterilized mortar with pestle. The 
homogenized ink was subjected to low-speed 
centrifugation at 1000 rev/min for 5 
minutes to remove the tissue. The 
supernatent was divided into two parts and 
the pH adjusted to 4.0 with 1 NHCl and to 
11.5 with 1 N NaOH. These were 
centrifuged at 7500 rev/min for 10 minutes 
to speed up the precipitation. After 
precipitation at pH 4.0, it was filtered 
through a 0.45-f.lm membrane filter 
(Millipore, Bangalore). The precipitation of 
ink at pH 11.5 was incomplete and was 
used without filtration. 
The pH ofboth the portions of ink was 
then re-adjusted to 7.0 with 1 N HCl and 
concentrated by freeze-drying. The 
substance thus obtained was extracted with 
methanol and H20 (1:2 ratio) and vacuum 
dried at 40°C. These were further extracted 
in ethanol and H20(1:2 ratio) and vacuum-
dried. The remnant was then suspended in 
0.5 ml of sterile phosphate buffered saline 
and assessed for antibacterial activity 
against Staphylococcus spp., Salmonella 
spp., Pseudomonas spp., V. cholerae, V. 
parahaemolyticus and Micrococcus spp. by 
disc diffusion method on nutrient agar. 
These bacteria were earlier isolated from 
fish samples. The plates were observed for 
24 hours for zones of inhibition around the 
discs. 
The bacteria isolated from ink were 
spot-inoculated on to the hardened nutrient 
agar and allowed to grow for 24 hours. 
These were then killed by fumigating the 
plates with chloroform in a bell jar. Then 
on each plate, a thin layer of molten agar 
was added and inoculated with the test 
bacteria after solidification. The plates were 
then observed for zones of inhibition around 
the test strain. This was done according to 
the method given by Sabine (1963). 
RESULTS AND DISCUSSION 
All the colonies grown on luminescent 
agar were small, transparent and 
luminescent. The total bacterial count 
varied between 1.17 x 106 and 1.26 x 106 
cfu/ml of ink. Since the light organ was not 
separated from the ink gland, there is a 
possibility that the count of total bacteria 
includes those in the light organ. The 
number of strains tested and their 
biochemical characteristics are given in 
Table 1. All the bacteria isolated from ink 
were identified asP. leiognathi. 
It appears that squids are specific in 
their selectivity of symbionts associated 
with ink sac, but it is not clear why only 
one type ofluminescent bacteria inhabits 
the light organ. The bacteria P. leiognathi 
are documented to be inhabiting inshore 
waters below 40-m depth from where the 
squids are caught. It could be the dominance 
of the particular luminous bacteria in the 
surrounding water or could be transferred 
from the parent. 
Table 1: Biochemical tests of bacteria associated with ink gland 
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As seen in Table 2, all the bacterial 
strains were found to be sensitive to the 
From the study, it can be concluded 
that the ink of the squid L. duvauceli has 
Table 2: Clearance zones using disc sensitivity test of precipitated and 
freeze-dried extract of ink 
Bacterial strain 
E. coli 
Salmonella spp. 
V. cholerae 
V. parahaemolyticus 
Micrococcus spp. 
Pseudomonas spp. 
Staphylococcus spp. 
Zone of inhibition (mm) 
pH 4.0 pH 11.5 
22±0.01 32±0.10 
23±0.01 28±0.11 
19±0.02 25±0.20 
15±0.01 19±0.21 
13±0.11 13±0.11 
20±0.10 15±0.16 
10±0.15 14±0.17 
pH4.0 
pH11.5 
Substance precipitated from the ink at pH 4.0 
Substance precipitated from the ink at pH 11.5 
(the precipitation at pH 11.5 was not complete) 
substance purified from the ink. E antibacterial effect against a variety of 
scherichia coli was found to be the most pathogenic bacteria and these compounds 
sensitive one exhibiting a large zone of are contributed only by ink. 
inhibition followed by Salmonella spp. and 
V. cholerae. The Gram-positive bacteria 
like Micrococcus spp. and Staphylococcus 
spp. were also inhibited, but the zones were 
comparatively smaller. Mochizuki (1979) 
had reported similar antibacterial effect of 
cuttlefish ink against S. aureus. Inhibitory 
effects of squid ink on S. aureus and S. 
epidermidis have also been documented 
(Takai et al., 1993). 
Spot-on-lawn method was used to detect 
bacteriocin-like substance from P. 
leiognathi. The bacteria against which the 
activity was tested were not found sensitive. 
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